Research on allergy has recently uncovered an apparent co-occurrence of allergies in skin and the lungs, a phenomenon that has been coined "atopic march". A positive correlation has been found between gut microbiota at birth and the development of asthma and skin eczema later in life. Chinese medicine has long described a functional relationship between the large intestine and the lungs, and between the lungs and skin. In this short article, we examined the evidence in support of these inter-organ physiological/pathological relationships. In addition to the clinical observation of the relationship between the composition of gut microbiota at birth and the development of asthma later in childhood, gut microorganisms have also been shown to exert a protective effect on bacteria-induced pneumonia in experimental animals. Genetic predisposition was also found to play an important role in the coexistence of certain diseases of lung and skin. Despite the fact that the mechanism(s) underlying the connection of immune systems between two organs (such as the large intestine and the lungs) is still not clearly understood, it is the first time to correlate the relationship among gut, lung and skin based on recent clinical studies in relation to the Zang-Fu Theory in Chinese medicine. Future investigation of the gut-lung and lung-skin axes in terms of physiological/pathological relationships may help to provide a greater understanding of the pathogenesis of allergies, possibly establishing relevance to the Zang-Fu Theory in Chinese medicine.
Introduction
The development of a comprehensive theory of how the functions of organs are inter-connected and influence each other has become an area of increasing research interest in modern medicine; whereas a large body of evidence from observations and numerous clinical applications were accumulated over the thousands of years where Chinese medicine was practiced. Among the inter-organ functional networks recognized in the Zang-Fu Theory in Chinese medicine, two such physiological/pathological relationships are that involving the large intestine and the lungs, and that of the lungs and the skin. Based on research findings in modern medicine, mention has been made of the possibility of a gut-lung connection and, to a lesser extent, a lung and skin relationship in terms of physiological function and pathological conditions. This article seeks to examine the evidence in support of these inter-organ physiological/pathological relationships.
Atopic March
Recent research has uncovered an apparent co-occurrence of skin and lung allergies, in that atopic dermatitis in infancy tends to be followed by allergic rhinitis and asthma later in childhood [1] . This phenomenon was coined "atopic march" [1] , which is currently an area of considerable research interest. In addition, a positive correlation between gut microbiota at birth (which is associated with the development of asthma) and skin eczema later in life has also been found [2] [3] . All these suggest possible functional interactions among gut, lungs and skin. The existence of such inter-organ relationships could be instrumental in leading to an understanding of the pathogenesis of allergies, and other diseases in relation to these organ systems.
Functional Similarities between Gut, Lung and Skin
Inner surfaces of the gut, lung and the outer surface of skin are all covered by epithelial cells, which have direct contact with exogenous substances, particularly pathogens and bacteria. Despite being the body's first line of defense against such pathogens, a well-defined microbial environment, or microbiota, is also essential for the optimal functioning of these organs. If the microbiota is altered or disrupted, health problems can arise [4] .
The microbiota in the gut, which is the most densely populated with microorganisms among all surfaces of the human body, has been extensively studied. It has been noted that the taxonomic gene composition of gut microbes is highly variable between individuals, implying that a healthy gut microbiota is found in terms of function and not certain microbial species [5] . The upper part of the respiratory tract is easily colonized by pathogen and bacteria, whereas the lower part of the lungs is less populated by microorganisms, possibly due to the relatively unfavorable environment [6] .
categories, namely, Zang and Fu, wherein each Zang organ has its corresponding Fu organ(s). The Lung is such a Zang organ, and its Fu organ is the Large Intestine. The Zang-Fu Theory states that the Lung can be infiltrated by "evil" (i.e., pathogens) entering from the Large Intestine [7] .
In modern medicine, it has been observed that some lung diseases are pathologically related to the gut. Chronic lung disorders such as asthma and cystic fibrosis have been shown to exhibit manifestations in the gastrointestinal tract, namely, shifts in the gut microbiota composition [6] . A strong correlation was found between childhood asthma and low diversity of gut microbiota during infancy. It should be noted that the microbiota diversity is restored as early as 12 months after birth, long before asthmatic symptoms arise, suggesting the existence of a time-frame window for the pathogenesis of asthma [3] . A similar correlation was observed experimentally in mice; following a reduction in the number and diversity of gut microorganisms by the administration of antibiotics at 3 weeks of age, adult mice showed exacerbated experimental allergic airway inflammation upon aero-allergen exposure [8] . Similarly, for children with cystic fibrosis, which is a genetic disorder that mainly affects the lungs, there is a large difference between their gut microbiota as compared to healthy children of the same age, with diminished levels of certain bacteria in affected children [9] .
The connection between gut microbiota and lung health is further emphasized in a study by Schuijt et al. [10] , in which mice were depleted of gut microbiota, and then infected with Streptococcus pneumoniae. A group of mice were then given a fecal microbiota transplant and compared with control mice in terms of parameters of inflammation and alveolar macrophage whole-genome responses.
Results showed that fecal microbiota transplantation protected microbiota-depleted mice against pneumonia, as assessed by parameters relating to bacterial dissemination, inflammation, organ damage and mortality. Metabolic pathways within alveolar macrophages were significantly affected by the absence of gut microbiota, with reduced cellular responses to certain metabolites, such as lipoteichoic acid and lipopoly saccharide. Macrophages from microbiota-depleted mice also showed a reduced ability to kill bacteria (Streptococcus pneumoniae)
by phagocytosis. Taken together, these experimental results suggest a pathological inter-relationship between gut microbiota and lung diseases. It is thought that the gut affects the lung's immune system, but the mechanism is not well understood. A paper by Trompette et al. [11] found that the fatty acid moiety produced in the metabolism of dietary fibre, by gut microbiota, influences the severity of allergic inflammation in the airways. More research is still needed to further explore the mechanism underlying the effect of gut microbiota on pulmonary function and susceptibility to respiratory diseases.
Lung-Skin Relationship
The Zang-Fu Theory proposes that skin is functionally linked to the Lung, with the Lung playing a role in controlling the "gaps" or pores on the skin, thereby regulating sweating and body temperature, as well as the skin's immune system. According to Chinese medicine theory, if a patient manifests symptoms reflecting poor respiratory function, or insufficient Lung Qi (which refers to the physiological functioning of the Lung), foreign "evil" can easily invade the body by passing through it souter surface. If Lung Qi is at an optimal level, then the skin is glossy and the complexion shiny. In this connection, Houttuynia cordata Thunb is a commonly used herb for treating both pneumonia and skin eczema [12] .
In modern medicine, an association between allergic diseases of the lungs and airways with those of the skin has been observed (see "atopic march"). However, this pathological inter-relationship can extend beyond allergies, i.e., including non-allergic diseases of these two organs.
However, it is important to first note that many pulmonary diseases, although sometimes exhibiting dermatological manifestations [13] [14], many of them also show symptoms elsewhere in the body. For example, lung cancer has a 1% to 12% likelihood of developing skin metastases, but the neoplasia may also invade other organs in the body [13] . Similarly, Mycobacterium tuberculosis can infect organs other than the lungs, including the skin, and cause lesions [14] , displaying the possibility of relation between skin and lungs. But again, the tuberculosis bacterium can also invade other organs. Using only dermatological manifestations of non-allergic pulmonary diseases which have no high co-occurrence, especially in the case where it is not an exclusive manifestation, is not enough to form a convincing argument for a unique connection between skin and lungs.
One example of strong co-occurrence of lung and skin problems is high levels of airborne pollutants and lower skin health. Smoking and air pollution have long been known to affect the condition of the skin-for example, causing premature wrinkles, as evidenced by epidemiological studies. Huls et al. reported an association between nitrogen dioxide (NO 2 ) levels in the environment and the geometric mean number of cheek lentigines, or pigmented spots, commonly known as liver spots [15] . This association was observed in two different populations (Germany and China) in regions with similar UV exposures, and with individuals over 50 years of age [15] . In this regard, NO 2 exposure has been known to impair lung function and increase the risk of lung cancer [16] . However, it should be noted that the increase in the incidence of cheek lentigines was fairly small when estimated on the basis of a per unit increase in NO 2 . Further studies are required to confirm these findings [17] .
In another study, Vierkotter et al. (2010) showed that cigarette smoking and ambient soot levels promoted prominently visible signs of skin aging, including pigment spots and wrinkles [18] . With this finding, they demonstrated, for the first time, that airborne particulate matter was a factor in causing extrinsic skin aging [18] .
Co-Occurrence of Skin and Lung Issues in Certain Genotypes
In the foregoing discussion, it has been shown that extrinsic factors, such as air pollutants and cigarette smoke, are associated with both skin wrinkling and a decline in lung function [18] . In this regard, a study from Vierkotter et al.
showed that elderly women carrying certain matrix metalloproteinase (MMP) promotor variants exhibited a higher susceptibility to skin wrinkling and decreased lung function (as assessed by the ratio of forced expiratory volume to forced volume capacity) [19] . As such, not only did they demonstrate an association between skin wrinkling and obstruction of lung function, but also a common genetic predisposition to skin and lung disorders. MMP are a group of extracellular matrix (ECM) degrading enzymes. It has been suggested that the association of smoking with lung dysfunction and skin aging is due to such MMP-induced structural changes in ECM [19] . The specific MMP promoter variants identified are designated MMP-1 and MMP-3. Interestingly, MMP-1 promoter polymorphism also appear to increase susceptibility to colorectal cancer, according to two other studies, again implicating a possible linkage between lung and gut health [20] [21].
In research of allergic diseases, genetic and environmental factors have both been noted to strongly influence the development of atopic march [1] . The common genetic predisposition to lung and skin aging above suggests an association between lung and skin function that extends beyond those of allergic diseases. One study followed a group of infants who had acute severe bronchiolitis, and found that 50% of them developed dry skin or eczema within 12 months post-recovery from the bronchiolitis. [22] . Another study found that babies suffering from atopic dermatitis in their first 2 years of life had an increased risk of not only asthma, but other respiratory system-related diseases, as assessed by the incidence of acute otitis media (a middle ear infection), pneumonia and the use of antibiotics [23] . The association between atopic dermatitis and respiratory infections prevailed even after stratification for asthma.
Gut-Skin Relationship
The gut-skin relationship, which is not the main scope in this review, has been reported recently. In brief, O'Neill et al. have proposed a gut-skin relationship in regulating the physiological functions [24] . It has been suggested that the metabolites, hormones or neurotransmitters arising from gut microbiota may circulate in the blood and hence affect the physiological functions of the skin. Various diseases, such as inflammatory bowel disease, coeliac disease, rosacea, cutaneous paraneoplasia and Peutz-Jeghers syndrome, have shown manifestations in gut and skin, suggesting a possible pathological relationship between gut and skin.
In support of this, the diversity of gut microbiota in the early life seems to possess an inverse relationship to the development of atopic eczema in the later life [25] .
Conclusions and Perspective
In summary, there is a growing body of evidence supporting the presence of a gut-lung axis and a lung-skin axis, wherein one organ of the axis is functionally (Table 1) . For the gut-lung axis, experimental evidence supports a relationship between gut microbiota composition and lung function ( Figure 1 ). It has been suggested that the microbiota of the two organs communicate and somehow influence each other. As regards investigation, it is difficult to analyze microorganisms in the lower respiratory tract, and the techniques for growing "difficult-to-culture" gut bacteria remain to be optimized. It appears that gut microbiota can undergo changes during infancy, but becomes less sensitive to change in later stages of life [6] .
For the lung-skin axis, the pathological relationship between the two organs is particularly prominent in regard to allergic diseases, as exemplified by the phenomenon of "atopic march" (Figure 1 ). Existing evidence indicates that a genetic factor may be involved in such an association of organ function. The presence of certain alleles is linked to a phenotype that is susceptible to allergic reactions in both the lungs and the skin. The mechanism determining the functional connection between organs is yet to be identified. Conceivably, it may be related to the connectivity of the immune system by cross-talk between mucosal epithelial cell layers in different Table 1 . Summary of gut-skin and skin-lung relationships.
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The degree of diversity in gut microbiota at birth negatively correlated the tendency to develop to asthma in children in human [3] The disturbance of gut microbiota in mice at 3 weeks of age was found to increase the occurrence of allergic airway inflammation in adult mice [8] The transplantation of fecal microbiota can protect against the pneumonia in microbiota-depleted mice [10] The metabolism of dietary fiber afforded by gut microbiota can influence the extent of allergic inflammation in the airway in mice [11] Lung-skin relationship
The number and/or diversity of gut microbiota at birth is likely to be positively associated with the pathogenesis of skin eczema in human [2] [3]
About 1% -2% patients with lung cancer may develop skin metastases [13] Elderly women with certain matrix metalloproteinase promotor variants demonstrated a higher susceptibility to skin wrinkling and lung dysfunctions [19] About 50% infants who had acute severe bronchiolitis developed dry skin or eczema within 12 months thereafter [22] H. Y. C. The human body is comprised of multiple-organ systems. The organ axes, as discussed here, are likely to play a role, at least in part, in determining the function of the respective organs under normal and pathological conditions. Even in the practice of Chinese medicine, such inter-organ relationships are not used as the main guide for prescribing treatments. However, such understanding can arouse interest in investigating the etiology/pathogenesis of diseases beyond the organ of concern in modern medicine. Given the co-occurrence of certain diseases, therapeutic interventions should be targeted to organs that are functionally connected. This holistic approach in the prevention and/or treatment of diseases has long been adopted in Chinese medicine, but it is yet to be exploited in modern medicine.
